Secreted frizzled related proteins (SFRPs) are a new class of signalling molecules that appear to antagonise the activity of the Wnt proteins. Here we report the dynamic expression pattern of cSfrp1, a new member of this family, at early stages of chick embryo development. cSfrp1 transcripts are ®rst detected at pre-streak stages throughout the chick blastula but, during early primitive streak formation, expression is restricted to the anterior primitive streak and later to the blastoderm anterior to the Hensen' s node. This pattern of expression overlaps with that of Otx2 and is complementary to that of cWnt8c. During neural plate formation cSfrp1 mRNAs are abundantly localized only to the anterior domain of the embryo but, as neural tube closes, the expression extends caudally. Later, the main sites of expression in the neural tissue are the telencephalic vesicles, the epiphysis, the developing eyes and the ventral hindbrain and neural tube. Additionally, cSfrp1 transcripts were found in the axial and lateral mesoderm, the otic placode, the trigeminal ganglia, the mesoderm of the branchial arches, the developing limb buds, as well as in the mesodermal component of the developing kidney. q
Results and discussion
Secreted frizzled related proteins (SFRPs) are a new class of molecules which share extensive homologies with the Nterminal, extracellular, cystein-rich domain (CRD) of the Frizzled family, putative receptors of the Wnt family of signalling molecules (Zorn, 1997; Wodarz and Nusse, 1998) . SFRPs lack however of the transmembrane and cytoplasmic domains of the Frizzled receptors, instead they show in their C-terminal portion similarities with the socalled`basic netrin module' (NTR, Banyai and Patthy, 1999) . The sequence identities and the structural similarities of the CRD of SFRPs with that of the Frizzled receptors have suggested that these molecules can bind Wnt proteins, antagonizing their activity (Zorn, 1997) . This function has been demonstrated in Xenopus, where, at least three different SFRPs, Frzb, FrzA and sizzled are able to inhibit the axis duplication induced by the injection of a class of Wnt proteins (Leyns et al., 1997; Salic et al., 1997; Wang et al., 1997; Xu et al., 1998) . Nevertheless, it is still unclear whether all SFRPs share this ability or if they can exert distinct and additional functions (Melkonyan et al., 1997; U È ren et al., 2000) .
As result of a search for molecules that might regulate early eye development, we have isolated a new member of the SFRP family. The nucleotide sequence of this gene shares 62% identity with that of the Xenopus FrzA and 81±82% with those of the mouse and human SFRP1, respectively (Melkonyan et al., 1997; Rattner et al., 1997; Xu et al., 1998) . On the basis of these homologies we named this gene cSfrp1.
In situ hybridization analysis showed that cSfrp1 has a widespread and dynamic expression in the developing chick embryo. cSfrp1 mRNA were detected at pre-streak stage, uniformly distributed throughout the chick blastula (Fig.  1A) . During primitive streak formation, cSfrp1 transcripts become localized to the anterior blastoderm including the anterior tip of primitive streak (Fig. 1B) . This domain of expression is largely overlapping with that of Otx2 ( Fig. 1G ; Bally-Cuif et al., 1995) . In the streak, cSfrp1 expression seems to be complementary to that of cWnt8c, which occupies the posterior three-quarters ( www.elsevier.com/locate/modo 1993). After full extension of the streak and at the beginning of Hensen's node regression, cSfrp1 is strongly expressed, anterior to the node, in the ectoderm, in the presumptive neuroectoderm as well as in prechordal and lateral mesoderm (Fig. 1C,a,b) . As the node continues to regress, the expression of cSfrp1 extends caudally but its posterior border always coincides with the position occupied by the node (Fig. 1D ). Like at earlier stages, this pattern is complementary to that of cWnt8c, expressed in the blastoderm posterior to the location of the Hensen's node (Fig. 1E ).
During neurulation cSfrp1 transcripts were detected at high levels in the anterior neural plate (Fig. 1H ,J,L,c±e) in a domain still overlapping with that of Otx2 (Fig. 1I ). In addition, cSfrp1 mRNA was found in the neural folds including the pre-migratory cephalic neural crest cells (Fig. 1f) , in the anterior ectoderm (Fig. 1c±f ) in the lateral mesoderm (Fig. 1f,g ), in the precordal plate (Fig. 1d ,e) and, with a weaker expression, in the notochord (Fig. 1f,g ). The expression in both the neural plate and the lateral mesoderm extends caudally following again the node movement and Note how the widespread expression of cSfrp1 at pre-streak stages (A) become con®ned to the anterior streak (arrowhead in B) overlapping with that of Otx2 (G, arrowhead) and complementary to that of cWnt8c (F, arrowhead indicate the position of the anterior primitive streak). At St5 expression in the rostral portion of the embryo is observed in all layers (a), while expression disappears at the level of the primitive grove (arrow in b). At early stages of neural plate formation cSfrp1 transcripts are strongly localized, as those of Otx2, in the anterior domain of the embryo (I,J). Note how the expression of cSfrp1 extends caudally in both the mesoderm (thick arrows) and the neural plate (thin arrows) while that of cWnt8c is turned off (J±M). Arrows in (d±f) points to the prechordal plate, midline ventral neural tube, and neural folds, respectively. Abbreviations: an, anterior; hn, Hensen's node. occupying the territory from which cWnt8c retracts (compare Fig. 1J with K and Fig. 1L with M) .
Detailed analysis of cSfrp1 expression at stage 10±14 shows a strong signal in the anterior neural tube, including the optic vesicles. Here, expression is limited to the presumptive neural retina and the overlaying ectoderm ( Fig. 2A,a) and later to the lens placode and the outer layer of the optic cup (Fig. 2D,g,h) . Expression is also localized to the prechordal plate (Fig. 2b) , the Rathke's pouch (Fig. 2g) and later to the infundibular region (Fig. 2h) . Expression was consistently observed in the head mesenchyme, including the migrating cephalic neural crest cells ( Fig. 2A,a,b,C) , as determined by double labelling with the HNK-1 antibody (Bronner-Fraser, 1986 ; data not shown). Pre-migratory and migrating trunk neural crest cells did not appear to express cSfrp1 mRNAs. Strong expression was also observed in a restricted domain within the metencephalic vesicle with the exclusion of its ventral midline ( Fig. 2A,c) . Similar expression was also found with a rostro-caudal gradient in the ventral neural tube (Fig. 2d±  f) , with the exception of the¯oor plate. Further, a weaker but consistent signal was detected in the most dorsal portion of the neural tube ( Fig. 2A,d±f) . Additional sites of expression at this stage are the notochord (Fig. 2f) , the otic vesicles (Fig. 2A±D,d) , the dorsal mesocardium and the area vasculosa ( Fig. 2A,e,B) .
At later stages of development cSfrp1 transcripts were found in the telencephalic vesicles, in the epiphysis, in the optic cup, in the trigeminal ganglia (Fig. 3A,a,b) , and in a band which occupies the basal plate of prosomere one (Fig.  3G) . Expression extends strongly to the entire ventral rhombencephalon, with particular intensity at the borders between rhombomeres (Fig. 3A,b,F,G) . During neural tube differentiation, the localization of cSfrp1 transcripts changes following a rostro-caudal gradient. As expression is turned off from the ventral neural tube, it appears in thē oor plate and in cells that occupy the medial neural tube (Fig. 3d±f,H) . Expression was also localized to the mesenchyme of the developing branchial arches (Fig.  3B,e) , to the most distal and ventral portion of the developing limb buds, including the ectodermal apical ridge (Fig.  3B,f) and to the mesoderm of the developing kidney (Fig.  3I) .
The expression pattern we describe here for cSfrp1 diverges from that reported for its closest homologues, the mouse Sfrp1 and the Xenopus FrzA (Leimeister et al., 1998; Xu et al., 1998) . Instead, at least in the developing eye and neural tube, cSfrp1 expression domains are similar to those accounted for the mouse Sfrp2 (Leimeister et al., 1998) . Further, at neural plate stages cSfrp1 localization is partially overlapping with those described for the chick Sfrp2 and Frzb, but the expression of the three genes clearly diverges as soon as the neural plate begins to fold (Baranski et al., 2000; Ladher et al., 2000) .
Methods

Isolation of cSfrp1 cDNAs
cSfrp1 was obtained as a result of a subtractive hybridization screening aimed to isolated genes involved in early steps of eye development. A cDNA subtraction library was generated using the`CLONTECH PCR select-cDNA subtraction kit' (Clontech, Cat. K1804-1), following the manufacturer's instruction. The anterior portion of stage 7 and stage 11 chick embryos were used as the`driver' and tester' populations, respectively. One of the cDNAs isolated from such a library represented the partial cDNA of cSfrp1. The full-length cDNA, about 4.9 Kb, was obtained by PCR walking using a St14 lambda zap cDNA library. The nucleotide sequence data of cSfrp1 appears in a,g,h) . Staining in the otic vesicle is indicated with arrows in (d,C,D) . Arrowheads in (d±f) point to the staining in the ventral neural tube. Arrow in (B) points to the anterior intestinal portal. Abbreviations: av, area vasculosa; dm, dorsal mesocardium; if, infundibulum; nc, neural crest cells; nt, notochord; pcp, prechordal plate; otv, otic vesicle; ov, optic vesicle; rp, Rathke's pouch. the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under the accession number: AJ404652.
Probes for in situ hybridization
The in situ hybridization probe used to analyze cSfrp1 expression pattern corresponds to a 2 Kb fragment of the 3 H untraslated region of the gene, cloned in PCR II vector (Invitrogene). cWnt8 mRNAs were localized using a probe generated by PCR ampli®cation corresponding to the entire coding sequence of the protein (Hume and Dodd, 1993) . Otx2 transcripts were detected using a 1.8 kb probe isolated from the screening of a St14 chick library and corresponding to the partial coding sequence of the chick Otx2 gene.
In situ hybridization
Probes were linearized and transcribed to generate digoxigenin labelled sense and antisense probes. Whole-mount in situ hybridizations were performed as described (Esteve and Bovolenta, 1999) . Brie¯y, hybridizations were carried out at 658C in 50% formamide. Post-hybridization washes were performed at the same temperature and in the same buffer. Embryos staged between HH1-HH26, according to Hamburger and Hamilton (1951) , were hybridized in toto. After hybridization, embryos were photographed, dehydrated embedded in Paraplast and sectioned in a microtome (Leica) at 15 mm. Alternatively, embryos were embedded in gelatine and vibratome sectioned (Leica) at 50 mm of thickness. The head shown in (G) is viewed from the top, the optic tectum has been removed to better appreciate the staining in the basal plate of prosomere 1 (arrowheads). Panels (a±f) illustrate the expression in paraf®n (a±d,f) and vibratome (e) sections at the axial levels and orientation indicated in the panels (A,B) . The developmental stages of the embryos are indicated in each panel. Panel (H) shows a transverse vibratome section of the neural tube at the mid-thoracic level. Note how the staining in the neural tube changes from the basal (arrowheads in c±e) to the intermediate region (double arrow in f and H) of the neural tube. Open arrows in (c,d) indicate to staining in the dorsal neural tube. Arrows in (f,H) indicate staining in the¯oor plate. Open arrows in (e,f,F) point to staining in mesodermal tissue, limb bud and rhombomeric borders, respectively. Panel (I) shows a longitudinal section at the lumbar level to illustrate staining in the mesoderm of the developing kidney (double arrow). Abbreviations: a, anterior; e, eyes; ep, epiphysis; fp,¯oor plate; p, posterior; ph, pharynx; so, somite; tel, telencephalic vesicle; tg, trigeminal ganglia.
